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1 Introduction
A new WID on further NB IoT enhancements and a new WID on ever further enhanced MTC were approved at RAN#75 and revised at RAN#76 and RAN#77[1][2]. 
One of the objective is for further latency and power consumption reduction as follows for NB-IoT and efeMTC:

A-1. Further latency and power consumption reduction

· (NB-IoT) Evaluate power consumption/latency gain and specify necessary support for DL/UL data transmission on a dedicated resource during the Random Access procedure after NPRACH transmission and before the RRC connection setup is completed. [RAN2, RAN1, RAN3] 
· (efeMTC) Evaluate power consumption/latency gain and specify necessary support for DL/UL data transmission on a dedicated resource during the Random Access procedure (after PRACH transmission and before the RRC connection setup is completed) at least in the RRC Suspend/Resume case. [RAN2, RAN1, RAN3]

Early data transmission was discussed in the last four meetings and significant progress was achieved.
The overall framework is in place and captured in the RRC running CR [3]. However, there are still a number of FFSs remaining. 
In particular the RRC/MAC modelling for MSG3 transmission (TBS check, UL grant check, MSG3 padding…) has not been discussed and is marked as FFS or Editor’s Note in the RRC and MAC running CRs [3],[4].
	5.3.3.3c
UE actions upon receiving EDT fallback indication 

Editor’s Note: 
The modelling of RRC-MAC interactions for EDT MSG3 transmission and retransmission is FFS. It has been agreed, at least for the CP solution, that if the grant is too small to send the data, the UE shall revert to the legacy procedure. How this is performed needs to be specified.


	5.1.4
Random Access Response reception

…

Editor’s note: It is FFS how MAC/RRC interaction is modeled and what are the actions when EDT was initiated and the UL grant provided in Random Access Response message is for legacy Msg3. 

…

Editor’s note: It is FFS what happens when the maximum TBS for EDT for the enhanced coverage level broadcast in system information is smaller than the size of Msg3 in the Msg3 buffer in case contention resolution has failed and Msg3 is being retransmitted. 


In this document, we discuss RRC/MAC modelling for MSG3 transmission/ retransmission for both CP and UP solutions.

2 Discussion 
In general, the details of inter-layers interactions can be left to UE implementation. However, the external behaviour should be guaranteed and we propose to specify only the high level principles.
In the legacy procedure, RRC submits the RRC message to lower layers and MAC is responsible for handling MSG3 transmission/ retransmissions during the RACH procedure, based on the PRACH resources signalled in system information, the selected coverage level and the UL grant received in the Random Access response.
In order to minimise the impact on the specifications and keep the knowledge of the CE level and grant in the MAC layer, it is our preference to keep a similar model for early data transmission as illustrated in Figure 1:
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Figure 1: RRC/MAC interactions for MSG3 transmission
Step0. RRC checks the conditions for EDT, e.g. establishment cause, EDT TBS per CE level configuration, EDT RA resource configuration. If these configurations are broadcast by eNB, which means the eNB supports EDT and UE can perform EDT.
Step1C. For the CP solution, when RRC has decided to use EDT based on Step0 and the upper layer indication of a NAS PDU, RRC generates the RRC message including the NAS PDU and submits the RRC message for EDT to lower layer via CCCH. 
Step1U. For the UP solution, when RRC has decided to use EDT based on Step0 and upper layer indication of IP packet, RRC resumes SRBs/DRBs, generates the RRC message and submits the RRC message for EDT to lower layer via CCCH. In the user plane, after the DRBs are resumed, user data can be delivered to lower layer via DTCH.
Step2. First, MAC determines the CE level based on measurements and then determines the TBS corresponding to the selected CE level. Then, MAC decides whether to use a (N)PRACH preamble for early data transmission based on potential MSG3 size and the TBS associated to the CEL. 
If potential MSG3 size equals to legacy MSG3 size, legacy RACH procedure follows. 
If there is no RA resource for EDT for the selected CEL, MAC ‘suspends’ the random access procedure and notifies RRC in Step7. 
If the potential MSG3 size is larger than the TBS for the selected CEL, MAC ‘suspends’ the random access procedure and notifies RRC in Step7. 

Else, MAC performs the RACH procedure for EDT, i.e. go to Step3.

Step3. MAC performs RA resource selection based on CEL and RA resource for EDT.
Step4. After selection of the RA resource for EDT, preamble transmission is performed.
Step5. Upon reception of the UL grant in RAR, if MSG3 cannot fit in the TBS, MAC ‘suspends’ the random access procedure and notifies RRC in Step7. If no RAR is received by the UE, MAC performs the subsequent RA transmission until the maximum number of attempts is reached.
Step6. After MSG3 transmission, if contention resolution is successfully completed, EDT is successfully completed. If the contention resolution is not successful, MAC performs the subsequent RA transmission until the maximum number of attempts is reached. 
Step7. MAC notifies RRC that EDT cannot be used.

Step8. Upon MAC notification, RRC aborts the EDT procedure and falls back to the legacy procedure. RRC submits the legacy RRC message to lower layers for both CP and UP solutions. Additionally, for the UP solution, RRC shall suspend all DRBs/SRBs except SRB0 and SRB1.
Step9. MAC flushes MSG3 buffer and considers that MG3 has not been transmitted yet. 

Step10. MAC resumes the random access procedure and continues as per legacy. 

Proposal 1: Keep the legacy model where RRC submits the RRC message when initiating the random access procedure and where MAC handles all the details of MSG3 transmission/retransmission within the random access procedure, with some adjustments as described below:
Proposal 1.a: When RRC has decided to use EDT, for the CP solution, RRC generates the RRC message containing the NAS PDU; for the UP solution, RRC resumes SRBs/DRBs and generates the RRC message for EDT. Then RRC submits the RRC message for EDT to lower layers. For the UP solution, the user data are delivered to lower layers via DTCH.
Proposal 1.b: After determination of the CEL MAC checks the availability of EDT RA resource for the associated CEL. If there is none available, MAC notifies RRC.

Proposal 1.c: After determination of availability of EDT RA resource for the selected CEL, MAC checks the TBS and MSG3 size. If TBS < MSG3 size, MAC notifies RRC. Else, MAC selects a RA resource for EDT.

Proposal 1.d: If MSG3 size is larger than the UL grant in the RAR, MAC notifies RRC.

Proposal 1.e: When MAC notifies RRC, it suspends (i.e. does not terminate) the random access procedure and waits for RRC to take appropriate actions.

Proposal 1.f: Upon MAC notification, RRC stops using EDT and submits the legacy RRC message to lower layers. 
Proposal 1.g: MAC flushes MSG3 buffer. MAC then resumes the random access procedure from the point it was stopped, i.e. (N)PRACH resource selection or UL grant reception, not resetting the counter of preamble attempts nor power ramping.

For the user plane solution, it might not always been needed to revert to the legacy procedure, e.g. for the case where an EDT preamble is used but the legacy grant is provided in RAR. However, there are cases, where it will be needed, e.g. there is no EDT preamble for the selected CEL, and cases where RRC needs to be notified e.g. MSG3 is already present in MSG3 buffer and is larger than the received grant. For simplicity, we prefer to have a single behaviour common to both the CP and UP solution where RRC reverts to the legacy procedure when EDT is not possible.
Proposal 2: Proposals 1, 1.a, .. , 1.g above apply to both the CP and UP solution
For the user plane solution, when reverting to the legacy RRC Connection Resume procedure, RRC shall first revert to the state prior to EDT, i.e. deactivate security, re-establish RLC for all SRBs and DRBs and suspend all SRBs/DRBs other than SRB0
Proposal 3: When falling back to the legacy RRC Connection Resume procedure during MSG3 transmission, RRC shall first deactivate security, re-establish RLC for all SRBs and DRBs and suspend all SRBs/DRBs other than SRB0/SRB1.

We do not see any reason for the eNB randomly allocating legacy or large grants to requests for early data transmission. For this reason, we propose that when the UE has reverted to the legacy procedure, this is definitive, i.e. there will be no reverting back to EDT during the ongoing random access procedure.

Proposal 4: Once RRC has reverted to legacy RRCConnectionRequest/ RRCConnectionResumeRequest message, the establishment continues with the legacy procedure.

As it has been agreed that the maximum grant size could be different in different CE levels, we propose that the RRC message in the CP solution is only padded to the octet boundary in RRC. Further padding to the TBS will be performed in the lower layers.

Proposal 5: The RRC message in the CP solution is padded to the octet boundary. Further padding to the TBS is performed in the lower layers.
3 Conclusion
In this document we have discussed RRC-MAC modelling for EDT and made the following proposals:
Proposal 1: Keep the legacy model where RRC submits the RRC message when initiating the random access procedure and where MAC handles all the details of MSG3 transmission/retransmission within the random access procedure, with some adjustments as described below:

Proposal 1.a: When RRC has decided to use EDT, for the CP solution, RRC generates the RRC message containing the NAS PDU; for the UP solution, RRC resumes SRBs/DRBs and generates the RRC message for EDT. Then RRC submits the RRC message for EDT to lower layers. For the UP solution, the user data are delivered to lower layers via DTCH.

Proposal 1.b: After determination of the CEL MAC checks the availability of EDT RA resource for the associated CEL. If there is none available, MAC notifies RRC.

Proposal 1.c: After determination of availability of EDT RA resource for the selected CEL, MAC checks the TBS and MSG3 size. If TBS < MSG3 size, MAC notifies RRC. Else, MAC selects a RA resource for EDT.

Proposal 1.d: If MSG3 size is larger than the UL grant in the RAR, MAC notifies RRC.

Proposal 1.e: When MAC notifies RRC, it suspends (i.e. does not terminate) the random access procedure and waits for RRC to take appropriate actions.

Proposal 1.f: Upon MAC notification, RRC stops using EDT and submits the legacy RRC message to lower layers. 

Proposal 1.g: MAC flushes MSG3 buffer. MAC then resumes the random access procedure from the point it was stopped, i.e. (N)PRACH resource selection or UL grant reception, not resetting the counter of preamble attempts nor power ramping.

Proposal 2: Proposals 1, 1.a, .. , 1.g above apply to both the CP and UP solution.

Proposal 3: When falling back to the legacy RRC Connection Resume procedure during MSG3 transmission, RRC shall first deactivate security, re-establish RLC for all SRBs and DRBs and suspend all SRBs/DRBs other than SRB0/SRB1.

Proposal 4: Once RRC has reverted to legacy RRCConnectionRequest/ RRCConnectionResumeRequest message, the establishment continues with the legacy procedure.

Proposal 5: The RRC message in the CP solution is padded to the octet boundary. Further padding to the TBS is performed in the lower layers.
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